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neural networks.  

III. PROPOSED ALGORITHM 

In this paper, an automatic algorithm for detection and 
classification of DR has been proposed. The inputs of the 
proposed method are colored RGB images from STARE 
database. First, the algorithm starts with preprocessing stage 
which is based on several image processing techniques 
including green channel extraction, CHT, CLAHE and 
thresholding. Then, hemorrhages and exudates are extracted 
using Gabor filter, thresholding and CHT. After that, six 
features are defined as the input for the last stage which is 
classification of the INPUT image into normal retina, NPDR 
or PDR. The classification process is done by using SVM. Fig. 
2 shows the block diagram of this approach. Following is the 
explanation of the proposed method.  

 

 
Fig. 2 Block Diagram of the proposed method 

A. Fundus Images 

Fundus images contain information about the internal 
structures of the human eye including the retina, OD, macula, 
fovea and blood vessels [7]. In this project, images from 
STARE database are used. This database has 400 retinal 
images of different types of DR and other eye disorders. In 
this project, the best 33 DR images are selected.  

B. Preprocessing  

Preprocessing is the primary step in any retinal fundus 
images. It usually focuses on removing central light reflex, 
background homogenization and image enhancement. The 
advantages of enhancing the image include better display, 
easier analysis and noise reduction. Additionally, image 
preprocessing aims to clarify the image and to simplify the 
feature extraction process. Moreover, image enhancement 
eliminates the effect of the optic disc, and it increases the 
image contrast from the background. A green channel is 
usually used for image preprocessing because the green 
channel has the best contrast between image and its 
background. In this stage, first green channel image is 
extracted. Then, the eye is detected using CHT. The main goal 

of eye extraction is to eliminate the background and its 
distractive noise. The optic disc (OD) and exudates are similar 

in color; however, they are different in size. Therefore, the 
optic disc is also detected and eliminated using CHT. Lastly, 
the green channel image and the OD eliminated image are 
combined using CLAHE for the purpose of image 
enhancement.  

C. Lesions Detection 

DR has three main signs which are MA, hemorrhages and 
hard exudates. MA is a small swelling that forms on the side 
of tiny blood vessels [8]. They are the first clinical signs of 
DR. Hemorrhages is a bleeding that occurs inside the retina. It 
is a retinal disorder that could cause severe vision problems 
[9]. Exudates are a yellowish fluid rich in protein that oozes 
out of the blood vessels as a result of inflammation [10]. They 
are the main causes of blindness in NPDR types. 

In this project, the two dimensional Gabor filter is used to 
extract blood vessels and exudates from the preprocessed 
image. Then, thresholding method is used to detect DR 
lesions. Hemorrhages and blood vessels are very similar in 
intensity. Therefore, an optimized threshold was determined to 
extract them from the preprocessed image. However, 
hemorrhages and blood vessels have different shapes. The 
former ones are usually appear in circular or semicircular 
shapes. Therefore, CHT is used to detect hemorrhages.  

Since exudates are the brightest parts of the image, an 
optimized threshold was obtained to extract them from the 
Gabor filter image.  

D. Feature Extraction  

The resulted image out of the previous stage is used for 
feature extraction. The total number of extracted features is 
31. However, only six effective features are selected for the 
SVM classifier. These features are the images of green 
channel, CLAHE, Gabor filter and preprocessing stage. Also 
images of extracted hemorrhages and hard exudates are 
defined as inputs for SVM.  

E. Classification 

SVM is a method used for data classification. It constructs a 
hyperplane to separate the input data linearly into different 
classes. The classification parameters are defined based on the 
calculated features. In the cases of nonlinear data, the training 
data are mapped into high dimensional feature apace using a 
nonlinear kernel function. Then, the data can be classified 
linearly.  

In this stage, SVM is used to classify the input DR images 
to classes named as normal retina, NPDR or PDR. SVM is a 
supervised learning algorithm that analyzes the selected 
images from STARE database. 23 DR images are selected for 
training the SVM. The remaining 10 images are used to 
measure the performance of the proposed method.  

IV. RESULTS 

The performance of the proposed method is measured in 
terms of sensitivity, specificity and accuracy. While sensitivity 
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